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RESUMO
As inflorescências secas da carqueja (P. tridentatum L.) são utilizadas na preparação de extratos
aquosos que, de acordo com a tradição popular, possuem propriedades terapêuticas. Durante a
preparação dos extratos ocorre a extração de compostos bioativos, tais como polissacarídeos. O
presente trabalho pretende determinar o tipo de polissacarídeos presente nos extraías e avaliar o seu
possível contributo para as respetivas propriedades terapêuticas. Procedeu- se à extração,
caracterização estrutural e avaliação da atívidade imunoestimuladora dos polissacarídeos presentes
nos extratos. Foi detetada uma mistura de polissacarídeos, nomeadamente polissacarídeos pécticos,
arabinogalactanas do Tipo-I e II, galactomananas e xiloglucanas, que apresenta atividade
imunoestimuladora em macrófagos e que poderá contribuir para as propriedades terapêuticas
atribuídas pela medicina popular a estes extratos.
ABSTRACT
The dried inflorescences of Pterospartum tridentatum L. are used in the preparation ofwater extracts
that, according to the popular tradition, possess therapeutic properties. Bioactive compounds, such
as polysaccharides, are extracted during the preparation of these extracts. This work intends to
disclose the polysaccharides present in the extracts and also to assess their possible contribute to the
therapeutic properties attributed to these extracts. The polysaccharides were extracted, structurally
characterized and Iheir imrriunostimulatory activity was evaluated. A mixture of polysaccharides
composed of pectic polysaccharides, Type-I and Type-II arabinogalactans, galactomannans and
xyloglucans was detected. This mixture exhibited a macrophage immunostimulatory activity that
might contribute to the therapeutic properties that are attributed by the traditional medicine to these
extracts.
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l. Introduction
Pterospartum tridentatum (L.) Willk. (Fabales order) is a broom like Iberian shmb ofthe Fabaceae
family that is very common in the Portuguese northeastem region ofTrás-os-Montes, where is known
as "carqueja". According to the popular tradition, the inflorescences ofP. tridentatum inflorescences,
picked during early spring and subsequently dried for the preparation ofhot water extracts, provide
protection against various health disorders, such as type 2 diabetes, influenza nd hypertension
(Carvalho, 2010; Neves et al., 2009; Vitor et al., 2004).
Biologically active compounds, such as polysaccharides, are extracted uring the preparation ofhot
water extracts and can therefore contribute to the therapeutic properties attributed by the traditional
medicine to the P. tridentatum dried inflorescences extracts. Several studies have highlighted the
importance of polysaccharides as immunomodulators (Tzianabos, 2000; Paulsen and Barsett, 2005;
Schepetkin and Quinn, 2006; Ramberg et al., 2010; Ferreira ef a/., 2015), howeverthe polysaccharide
components of the hot water extracts from P. tridentatum dried inflorescences remain unknown.
Therefore, this study will evaluate the type ofpolysaccharides present in these hot water extracts and
also assess their immunostimulatory activity and possible contribution to the therapeutic properties
reported by the traditional medicine.
2. Materiais and methods
2.1. Plant material, preparation ofthe hot water extracts (HWE) and high molecular weight
material (HMWM)
The inflorescences o f P. tridentatum were collected in early spring in the scrubland near Bragança,
North-eastem Portugal. Subsequently, the collected inflorescences were dried in a dark place at room
temperature, simulating eneral conditions oftraditional folk use. A voucher specimen was deposited
in the Escola Superior Agrária de Bragança Herbarium (BRESA). The hot water extracts (HWE)
were prepared by the decoction with boiling water ofthe P. tridentatum dried inflorescences (0.03
g/mL), during a total of2 h. Subsequently, the resulting liquid was filtered through aglass fiber fílter
(Whatman GF/C), concentrated, dialysed (cut-off 12-14 kDa) and freeze-dried to obtain the high
molecular weight material (HMWM).
2.2. Ethanol precipitation
The HMWM was dissolved in distilled water (10.0 mg/mL), the solution was stirred for l hour at
room temperature and centrifuged at 24400 g for 20 minutes at 4 °C. The cold water insoluble residue
obtained (WIppi) was suspended in distilled water, frozen, and freeze-dried. Absolute ethanol was
added (50% ethanol, assuming additive volumes) and left for l hour at 4 °C. This solution was then
centrifuged, and the precipitate obtained (Et5o) was removed by centrifugation. Absolute thanol was
added to the supematant (75% ethanol, assuming additive volumes), and the resultíng solution was
left for l hour at 4 °C, and centrifüged. The precipitate obtained (£175) was removed from the
supematant solution (SN). In arder to completely remove the ethanol, each precipitate was dissolved
in distilled water, rota-evaporated and freeze-dried.
2.3. Anion exchange chromatography
Anion exchange chromatography on DEAE-Sepharose FF (Pharmacia), was performed on a 100 x
l .6 cm column (XK 100/16, Pharmacia), at a flow rate of 0.5 mL/min. The samples were
suspended in 50 mM potassium phosphate buffer pH 6.5 (l .0 mg/mL). The samples were
sequentially eluted in the same phosphate buffer, and buffer with 0. 125, 0.250, 0.500, and l .000 M
NaCl. Fractions (3.0 mL) were collected and assayed for sugars, according to a modifícation ofthe
Dubois method (Coimbra et al., 1996). The fractions ofinterest were pooled, dialysed and freeze-
dried.
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2.4. Sugar and linkage analysis
Neutral sugars were determined by gás chromatography after acid hydrolysis release and conversion
to the corresponding alditol acetates, as described by Nunes and Coimbra (2002). Hexuronic acids
were determined colorimetrically by a modifícation ofthe Blumenkrantz and Asboe-Hansen method
(Blumenkrantz and Asboe-Hansen, 1973). The linkage analysis was performed by methylation ofthe
polysaccharides in arder to obtain partially methylated alditol acetates that were subsequentïy
analyzed by gás chromatography-mass pectrometry (GC-MS), as described by Nunes and Coimbra
(2001). Previoysly methylated samples were carboxyl reduced by a modification ofthe Lindberg and
Lõnngren method, as described by Coimbra et al. (1996).
2.5. Macrophage immunostímulatory activity
The macrophage immunostimulatory activity, expressed as nitric oxide production, was evaluated
through the assessment ofthe nitrite accumulation in the Raw 264.7 macrophage cell line culture
supematants using a colorimetric reaction with the Griess reagent (Green et al., 1982). Briefly, 170
^L .°^c^tur? SUPematants were diluted with equal volumes ofthe Griess reagent [0.1% (w/v) N-(1-
naPltíhyl)-ethylenediamine dihydrochloride and 1% (w/v) sulphanilamide containing 5% (w/v)
H3P£41^andmaintained dlu'ing 3omin- i" the dark. The absorbance at 550 mn was measured using
an SLT ELISA automatic microplate reader. Culture médium was used as blank and nitrite
concentration was determined fi-om a regression analysis using serial dilutions ofsodium nitrite as
standard.
2.6. Cell viability
Assessment of metabolically active cells was performed using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) reduction colorimetric assay, as described by Mosmann (1983).
2.7. Statistical analysis
The macrophage immunostimulatory activity results are expressed as the meanistandard eviation
from three independent experiments. When comparing the effect ofdifferent treafanents to non-
stimulated(Ctri.) or to LPS-stimulated cells (LPS) one-way ANOVA followed by Dunnett's test
was used. Comparison between assays using distinct extract concentrations was perfomied by one-
way ANO VA íollowed by Tukey's HSD test. Ali statistical tests were applied using GraphPad
Pnsm, version 5.02 (GraphPad Software, San Diego, CA, USA), with aïignificance levei o f p <
3. Resutts and discussion
The hot water exü-acts of P. tridentatum dried mflorescences were dialysed in order to remove the
low molecular weight compounds, therefore obtaining the high molecular weight material (HMWM),
which contains the polysaccharides The polysaccharides were subsequently~fractionatedaccording
to Aeir solubility in aqueous ethanol solutions. The mass yield, total sugars content and monomeric
composition ofeach fraction was determined and is presented in Table L
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Table I- Mass yield, total sugar content and monosaccharide composition ofthe various fractions obtamed
from the ethanol precipitation of the HMWM and anion exchange chromatography ofthe Et75 fraction from
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0.8 1.3 4.9 73.4 15.0
1. 1 1.7 6.2 6.5 80.5
2.4 23.6 13.6 24.2 30.3
3.0 2.6 26.1 11.8 15.1 41.3







0.9 0.5 8.8 1.3
4.5 15.3 30 36.6
4.0 4.3 65.6 14.6
° - expressed relatively to HMWM recovered in the fractionation procedure.
The Et5o and Et75 fractions were the richest in carbohydrate material (91.5 and 58.2%, respectively)
and alsothe most abundant (3 l .9 and 26.5%, respectively). The SN and WIppi fractions were the least
abundant (25.5 and 16.0%, respectively) and the poorer in carbohydrate material each one
comprïsïng approximately 25% ofsugar material. These results show that approximately 53% ofthe
poïysaccharides present in the recovered HMWM precipitated in 50% ethanol aqueous solutions,
while only 28% precipitated in 75% ethanol aqueous solutions.
The polysaccharides recovered in the Et5o and Et75 fractions exhibited a monomeric omposition rich
in UA, suggesting the presence ofpectic polysaccharides in both fi-actions. The proportion of UA
residues detectedin the Et5o fraction was higher than the detected in the EÍ75 fraction, suggesting that
the polysaccharides that precipitated in 50% ethanol aqueous olutions were more charged than those
tÍiat precipitated in 75% ethanol aqueous solutions. It is also possible that he polysaccharides that
precipitated in 75% ethanol aqueous olutions might exhibit lower molecular weight, which would
render them more soluble in ethanol aqueous solutions. The presence of lower molecular weight
polysaccharides could result from p-elimination reactions ofpectic polysaccharides. These reactions
have been reported to occur in neutral or alkaline solutions being favoured in methyl esterified pectic
polysaccharides (Albersheim et al., 1960). However, Keijbets and Pilnik (1974) have found that p-
eÍimination could also occur in slightly acidic pectin solutions (pH 6. l) boiled for 30 minutes, which
are conditions imilar to those used in the present study for the preparation ofthe hot water extracts.
ParticuÏarly forthe EÍ75 fi-action, it was also possible to detect signifícant proportions ofneutral sugar
residues, síich as mannose (23.6%), glucose (24,2%) and galactose (13.6%), suggesting that besides
the pectic polysaccharides, significant amounts of other types of polysaccharides might have
precipitated in 75% ethanol aqueous olutions.
In order to try to separate the polysaccharides that seemed to be present in the Etn fraction basedon
their charge, an additional fractionation by anion exchange chromatography on DEAE-Sepharose FF
was performed. The fractionation procedure yielded one not retained neutral fraction (A), eluted with
buffer, andthree retained acidic fractions (B, C and D), eluted with buffer containing 0.125, 0.250^
and 1.0 M NaCl, respectively. The mass yield, total sugars content and monomeric omposition of
each fraction was determined and is presented in Table l. The neutral Et75A fraction was the most
abundant, comprising 73.3% ofthe HMWM recovered, and the richest in carbohydrate material,
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containing 85.3% of carbohydrate material. The carbohydrate material recovered in the Et75Â
fraction contained 41.3% of UA residues together with lower proportions of Man (26.1%), Glc
(15.1%) and Gal (l 1.8%) residues. The less abundant Et75B, EÍ75C and Et75D acidic fractions, which
comprised 14.5, 5.4 and 6.8% ofthe HMWM recovered, respectively, also exhibited carbohydrate
material contents lower than the neutral Et75A fraction: 62.1% for the EtjsB fraction, 31.5% for the
Et75C fraction and 27.7% for the Et75D fraction. The carbohydrate material recovered in the acidic
EÍ75B, Et?5C and EÍ75D fractions exhibited a similar monomeric omposition, comprising signifícant
proportions ofUA residues mixed with lower proportions of Ara and Gal residues.
The previous results evidenced that most ofthe polysaccharides that precipitated in 75% ethanol
aqueous solutions were recovered in the neufral fraction. Moreover, considering that the Et75Á
fraction was the most abundant and also the richest in carbohydrate material, it canbe inferred that
the majority ofthe Gal, Glc, Man and UA residues, which were the most abundant m the Etjs fraction,
were recovered in the neutra! fraction. Therefore, in arder to determine what ype of carbohydrate
material, besides the pectic polysaccharides, were precipitated in the 75% ethanol aqueous solutions,
the material recovered in the Et75Á fraction was methylated and the results for the neutral sugars are
shown in Table II.
Table U- Deduced linkages from the methylation analysis ofthe neutral Et75Á fraction obtained from
the HWE ofP. tridentatum dried inflorescences.









































































molar % obtained through: "linkage analysis, and bsugar analysis
Galactosyl residues in various linkages, namely (1^3)-, and (1^3,6)-Galp, were detected in the
EÍ75Á fraction, evidencing the presence oftype II arabinogalactans (AG-II). Terminal-, and (1->6)-
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Galp residues, frequently reported as AG-II components were also detected. The detection of
arabinosyl residues, preferentially present as terminally- and (1^5)-linked, ali in furanosidic form,
also suggests the presence ofAG-II (Fischer et al., 2001 ). Other esidues, that also have been reported
in fractÏons containing AG-I1, were also detected, reinforcing the presence ofthese structures namely
(1^2)-, (1^3)-, andO-^3,5)-Ara/'CNergardeía/., 2005;Togolaeía/., 2008; Grenhaugeía/., 20ró).
The detection of (l-^4)-Gal7? residues suggests the presence of type I arabinogalactan (AG-1)
structures, which have been reported in the water extracts of diverse plants with therapeutic
properties (Saiiiuelsen et al., 1996; Inngjerdingen et al., 2007,2008). The AG-I structures are usually
reported as pectic polysaccharides side chains, while AG-II may occur as side chains ofpectic
polysaccharides or in a complex family ofproteoglycans known as arabinogalactan-proteins (Ferreira
et al.,2015).
The detection ofrelevant proportions of (l^4)-G\cp, together with the non-detection ofstarch by
the iodine assay, suggests that at least some ofthe (1^4)-Glcp residues that were detected are present
as xyloglucan coinponents. The presence ofthese polysaccharides hás been reported in the water
extractsofvarious Fabaceae vegetable species (Rosário et al., 2011). Also, the presence ofmannosyl
residues, mainly detected as (l-^4)-Manj9 and (1^4,6)-Man^ residues, evidences the presence of
mannans. The detection of similar proportions of(l-^4,6)-Man^ and T-G&ïp residues is compatible
with the presence of galactomannans. Galactomannans are polysaccharides with a backbone
composed by (l->4)-Manp residues that are substituted at 0-6 by single Galp residues (Nunes and
Coimbra, 2001). The gaíactomannans exhibited a substitution degree, which can be evaluated
through the value ofthe (l-^4,6)-/(1^4)-Manj9 ratio, of 0.34. This value is similar to those of
mannans extracted from non-conventional sources, such as Gleditsia triacanthos, which presented a
ratio of 0.32 (Cerqueira et al., 2011). Mannans with lower substitution degree values have been
extracted from the coffee infusion, spent coffee grounds, and Aloe vera (Nunes et al., 2006; Simões
et al., 2010, 2012), which presented values of 0.04, 0.09, and 0.09, respectively.
The sugar and linkage analysis of Et75Â fraction allowed to detect the presence of pectic
polysaccharides mixed with AG-I and AG-II structures, galactomannans and xyloglucans in the
HWE ofP. tridentatum dried inflorescences. The effect ofthe fraction Et75A isolated from the HWE
ofP. tridentatum dried inflorescences on RAW 264.7 macrophage cellular viability was evaluated
by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay and the obtained
results are shown in Figure l. The results showed that for fraction concentrations comprised between
5 and 200 ^ g/mL, the macrophage cellular viability was similar and always higher than 75%, as
happened for the control and LPS-induced macrophages. This evidences that over the entire












0^' <3 <? ^ ^ ^
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Figure l- Influence ofthe Et75Â fraction isolated from the P. tridentatum HWE on the macrophage cellular
viability. LPS-induced (LPS) and non-stimulated (Ctrl.) macrophages were used as positive and negative
contrais, respectively. (* compared to Ctrl.; # compared to LPS; different letters denote significant differences
between assays using distinct extract concentrations; p<O.Q5).
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The immunostimulatory activity ofthe mixture ofpolysaccharides detected in the Et75Á fraction was
evaluated through the assessment ofthe accumulation ofnitrite, which is the stable end product of
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Figure 2- Influence ofthe Et75Â fraction isolated from the P. tridentatum HWE on macrophage NO production.
Non-stimulated (Ctrl.) macrophages were used as negative control. (* compared to Ctrl.; different letters denote
signifícant differences between assays using distinct extract concentrations; jr><0.05).
When the macrophages were stimulated with concentrations ofthe Et75A fraction that ranged from 5
to 200 g/mL, an increase in the macrophage NO production, relatively to the control, was
registered, evidencing the macrophage immunostimulatory activity ofthe EÍ75A fi^ction. In order to
clarify the contribution of the various polysaccharides detected in the EtpsA fraction to the
macrophage immunostimulatory activity, the EtvsA fraction was submitted to various treatments and
the NO production ofthe resulting fractions was evaluated. The Et75A fraction was submitted to a
saponification treatment, which promotes de-acetylation, and the results for the macrophage NO
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Figure 3- Influence ofthe Et75A-sap resulting from the saponification treatment ofthe Et75Á fraction isolated
írom the /'. tridentatum HWE on macrophage NO production. Non-stimulated (Ctrl.) macrophages were used
as negatíve control. (* compared to Ctrl.; different letters denote significant differences between assays using
distinct extract concentrations; /?<0.05).
The results showed an increase in NO production relatively to the control for the different extract
concentrations assayed, evidencing that the Et75A-sap fraction possessed a macrophage
immunostimulatory activity. However, the observed macrophage NO production was lower than the
registered for the unsaponifíed Et75A fraction. Through mass spectrometry analysis (data not shown)
it was possible to evidence that the galactomamians detected in the HWE of P. tridentatum dried
inflorescences were acetylated. The acetylation hás been reported as an important structural feature
l-n. tl^e xPression ofmannans immunostimulatory activity (Karaca et al., 1995; Simões et al., 2009,
2012). Thus, it seems plausible to considerer that the acetylation conti-ibuted to the macrophage
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immunostimulatory activity of the galactomannans from P. tridentatum dried inflorescences
decoctions.
However, the saponified Et75A-sap fraction still exhibited signifícant immunostimulatory activity,
suggesting that he presence ofthe pectic polysaccharides, along with both AG-I and AG-II, and
xyToglucans may have contributed for the remaining immunostimulatory activity registered. In fact,
the contribution ofAG-I (Inngjerdingen, 2008) and AG-II (Sakurai et al., 1998) structures to the
macrophage immunostimulatory actÍvity of plant HWE hás been reported. Also, studies haye
evidencedthe importance ofstorage xyloglucans, isolated fi-om some Fabaceae, which isalsothe
botânica! family ofP. tridentatum, as macrophages activators (Rosário et al., 2008,2011). The Et75Â
fraction was afso submitted to a saponification treatment followed by an en^o-polygalacturonase
dïgestion and the resulting digestion products were fractionated in Bio-Gel P30. A high molecylar
weight (Et75A-l) and a fow-molecular weight (and EÍ75A-II) fraction were isolated and their

















Figure 4- Influence of the a) Et75Á-I and b) Et75A-II fractions isolated from the P. tridentatum HWE on
macrophage NO production. Non-stimulated (Ctrl.) macrophages were used as negative control. (* compared
to Ctrf.; different letters denote signifícant differences between assays using distinct extract concentrations;
fXO.05).
For both Et75Â-I and Et75A-II fractions, it was observed that when the macrophages were stimulated
with 50 and 100 |^g/mL, the macrophage immunostimulatory activity was similar to the registered
for the non-stimuÍated macrophages and negligible when compared to the registered for macrophages
stimulated with the same concentrations ofEt75A fraction. However, when 200 [ig/mL ofboth EÍ75A-
I and EÍ75A-II fractions were used for macrophage stimulation, an immunostímulatory activity higher
than the observed for the lower concentrations and control was registered. This suggests that the
polysaccharides present in the EÍ75A-I and EÍ75A-II firactions require adequate concentrations for the
expression ofthe macrophage immunostimulatory activity.
Sugar and linkage analysis howed that he Et75Â-l fraction did not contained residues diagnostic for
the presence ofpectic polysaccharides comprising AG-1 structures, as shown m Table III. Since
residues diagnostic for the presence of pectic polysaccharides comprising AG-I structures were
detected in tiíe Et75Â fractíon, as shown previously in Table 11, this seems to reinforce the possible
contribution ofAG-I structures to the observed macrophage immunostimulatory activity
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Table III- Total sugar conlent, and polysaccharide composition oí'Et75A fraction and ofthe Et75Â-sap, Et75Á-
I and Et75Á-II that resulted from the saponification and saponification followed by an enrfo-polygalacturonase


















the presence ofthe various polysaccharides was: * detennined by sugar and glycosidic linkage analysis;
inferred based on the NaOH treatment performed on Et75A fraction; c inferred based on the enrfo-polygalacturonase treatment performed
on Et75A fraction and also on the sugar analysis ofthe EtjsA-III fraction.
The Et75Â-II fraction was mostly composed of oligogalacturonides resulting from the endo-
polygalacturonase action, suggesting that, in adequate concentrations, the galacturonic acid rich
moieties of pectic polysaccharides might also be involved in the expression of the observed
macrophage immunostimulatory activity.
4. Conclusions
The HWE ofP. tridentatum dried inflorescences contained amixture ofpolysaccharides with distinct
solubility in ethanol aqueous olutions. This mixture was mainly composed ofpectic polysaccharides
insoluble in 50 and 75% ethanol aqueous olutions that comprised AG-I and possibly also AG-II
stmctures. It was also evidenced that the presence of galactomannans and xyloglucans, mostly
insoluble in 75% ethanol aqueous olutions.
The mixture of polysaccharides exhibited immunostimulatory activity, without compromising the
macrophages cellular viability. The acetylation of the galactomannans, together with the AG-I of
pectic polysaccharides seemed to have contributed to the immunostimulatory activity observed.
Moreover, the results also suggested that he AG-II and xyloglucans, when present in adequate
concentrations, could contribute to the immunostimulatory activity. Therefore, it seems plausible that
the polysaccharides might contribute to the therapeutic properties frequently associated by the
traditional medicine to the HWE o f P. tridentatum dried inflorescences.
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